Introduction
The flow through constricted regions is considered as the significant problem in fluid dynamics and thus widely studied by scientists working in mechanical engineering particularly, in physiological fluids. Some well-known examples of constricted channels are venture tubes, weirs, water aspirators, gas stoves, and in biological and biomedical fields, capillaries of the human cardiovascular system, airflow through the human airways, aortic insufficiency is a chronic heart condition or blood flow through a stenosis. In human body stenosis refers to the tightening and tapering of body passages, such as arteries, orifice, veins, heart valves, etc. Such phenomenon is encountered because of accretion of fatty and greasy substances inside the walls of arteries. This blockage disturbs the normal pattern of blood flow. Arteriosclerosis is a common disease which results by the accumulation of cholesterol and fats to form hard structures known as plaques that are holding asymptotic symptoms. Such plaques grow up with the under mild stenosis assumptions. The solution obtained by Saleem and Munawar [28] is used to solve the energy equation exactly.
Governing equations
Consider a two-dimensional incompressible flow of Eyring-Powel fluid through a constricted channel as described in [28] . The width of the channel is measured to be 2d 0 . The x-axis is taken along the wall length while y-axis is chosen normal to the wall. A uniform magnetic field of intensity B 0 is applied in the perpendicular direction of the flow assuming small magnetic Reynolds number. The lower and upper walls of the channel are held at constant temperatures T 1 and T 2 , respectively. Mathematically, the shape of constriction due to mild stenosis is given by
for which 
where p′ is the fluid pressure, μ the coefficient of viscosity, ρ the density, C p the specific heat, k the thermal conductivity, β material constant and C * the fluid time scale parameter.
Introducing the following non-dimensional variables:
where M, ϕ, B, D and Br represent the Hartmann number, the amplitude ratio, dimensionless material constants for EP fluid model and the Brinkman number, respectively.
Using (6), the governing equations (3) and (4) take the form
which on simplification reduces to 2 32 2 32 
Subject to the boundary conditions 0, 0 at ,
and Eq. (1) gives
We use the perturbation solution reported in [28] for Eqs. (8) and (10), however Eq. (9) could be solved exactly using the build-in command "DSolve" of the symbolic computational software Mathematica. The solution expression is not being reported in order to keep simplicity of the script.
Entropy analysis
Following Bejan [10] , it is assumed that the entropy in the channel is produced due to major sources, namely; heat transfer and fluid viscous effects. Accordingly, the expression of total volumetric local rate of entropy generation is given by
..
After using quantities (6) in Eq. (12) and dividing with the characteristic entropy (S G0 ), we get the total entropy generation number as
where α is the dimensionless temperature difference. The average entropy generation number is given by 0 1 ,
where ∀ is the area of the integrated region. The Bejan number is introduced as follows:
and 2 4 2 (1 )
The Bejan number Be expressed in Eq. (15) is bounded between the range 0 to 1. Within this range it exhibits discriminating features of fluid friction versus heat transfer irreversibilities. 
Results and discussion
The solutions of problem are used to discuss various heat transfer characteristics, like, temperature, entropy and the Bejan number, in the constricted region with the help of graphs. Fig. 1 illustrates the effect of Eyring Powel material parameter B on velocity profile. It shows decreasing behavior in the velocity as B increases. Figs. 2 and 3 depict a 3-dimensional view of temperature profile for parabolic and irregular stenotic channel, respectively. It can be seen that temperature attains highest value in the narrow part as compared to the wider part and this happened due to the increased convection process when fluid enters in the narrow part. When fluid enters in the narrow part its velocity increases which helps in augmenting the convection process. This behavior could be seen from Figs. 4 and 5 (for both parabolic and irregular stenosis cases) where velocity is shown to be maximum in the constricted region. Fig. 6 shows the contour graph of isotherms for parabolic and irregular shapes of stenosis. It is quite clear from the figure that temperature is maximum in the narrow part of the constriction and near to the lower heated wall of the channel for both cases. . The figures show that the entropy production is maximum at the narrow region of the channel and reduces in the wider parts. Moreover, entropy generation is maximum near the walls and is minimum at the center of the channel. To disclose the fact that which kind of shape of stenosis gives highest rate of entropy production we plotted Fig. 9 . It is observed from the figure that the entropy generation takes its highest value for parabolic shape (m = 2) and it decreases as the shape parameter takes larger values (irregular stenosis). It is also observed that variations in entropy are more noticeable at the channel boundaries rather than the channel center. Same behavior of entropy production is depicted in Fig. 10 which displays contour lines of entropy generation rate for parabolic shape (a) and irregular shape (b) at m = 2 and m = 11, respectively. From Fig. 11 , it can be examined that N G increases with an increase in Eyring Powell parameter (B) however the effect of B is dominant in boundaries and negligible at the center of the channel. To see the discriminating effects of heat transfer and fluid friction irreversibilities we plotted the Bejan number in Fig. 12 . It shows that heat transfer irreversibility is dominant in the center of the channel while the fluid friction irreversibility dominates near walls. Moreover, as parameter B increases fluid frictional irreversibility increases. This is due to the strong shear stress at larger values of Eyring-Power constant. Fig. 13 shows the temperature (θ) decreases as the Hartmann number (M) increases. Such type of behavior is seen due to lower flow rate at higher magnetic field for which convection phenomenon becomes slow. Fig. 14 portrays that as the Hartmann number M increases the entropy generation number N G increases near the channel walls and then a point of inflection occurs at mid-half of the channel after which N G decreases. The same behavior is seen at the upper half part of the channel. To examine the comparative effects of the heat transfer and fluid friction irreversibilities the Bejan number is plotted in Fig. 15 for variations in the Hartmann number (M). From the figure it is found that heat transfer irreversibility rises as the magnetic field increases. Such type of outcome is quite expected since large Hartmann number contributes in lowering the fluid temperature and increasing the temperature differences which results in rise of heat transfer irreversibility.
Conclusion
In this article a complete thermodynamical analysis has been made for the convective heat transfer of Eyring-Powell fluid flow through a constricted channel in the presence of magnetic field effect. The main objective is to discuss the entropy production in a stenotic channel having different structures of stenosis. We conclude the following results:
 The temperature and velocity are maximum in the narrow regions of the channel for both parabolic and irregular shapes of stenosis.  The entropy production is maximum in the narrow part of channel and decreases in the wider part.  The parabolic shape of stenosis causes larger entropy production as compared to the irregular shapes.  The Eyring-Powell material constant B also produces entropy and the fluid friction entropy augments as this constant increase.  The magnetic field helps in increasing the heat transfer irreversibility.
